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85. (AsFiled) The device of claim 66, wherein said second plurality of contact 
holes are formed by a photoresist process. 

86. (As Filed) The devicje of claim 66, wherein said second plurality of contact 
holes are formed by a wex etch process.; 1 ' 

87. (As Filled) The device of claim 66, wherein said second plurality of contact 
holes are formed by a dry etch process..: 

88. (Previously Once Amended) The device of claim 66, wherein said 
second plurality of contact moles are filljed by a CVD process. 



j! REMARKS 

■I , 

Claims 1-28, 30-39, 41-43, 45-70, 72-80 anil 82-88 were pending in this 
application. Claims 1, 5, 6, 10, IS, 20, £3, 27, 30, 3 1, 34, 36 and 39 have been amended, No 
other claims have been either amended,] added or canceled. 1 Hence, claims 1-28, 30-39, 41-43, 
45-70, 72-80 and 82-88 remain pending, Reconsideration of the subject application as 
amended is respectfully requested. j 1 

Claims 12-28, 30-39, 41^43, 45-51, 55-56, 58, 59, 64-70, 72-76, 80, 83 and 84 
have been rejected under 35 U.S.C. § l$3(a) as being unpatentable over Applicant's Admitted 
Prior Art (AAPA) in view of Gutierrez, ju. S. Pat. No. 5,069,749. 

Claims 1, 3-6, 8-11, 52-54, 60-62, 77-79 and 85-87 have been rejected under 
35 U.S.C. § 103(a) as being unpatentable over AAPA in view of Gutierrez as applied to claims 
15, 41 and 64 above and further in viewj of Park, U. S. Pat./No. 5,318,923, taken with Erb, 
U. S. Pat. No. 4,707,457. j '. 

Claims 2, 7, 57,63, 82, apd 88 have been rejected under 35 U.S.C. § 103(a) as 
being unpatentable over AAPA, Guttieitez, Park, and/or Erb as applied to claims 1, 6, 66 and 
88 above, and further in view of Wolf, §ILICON PROCESSING FOR THE VLSI ERA - 
VOLUME H, 1990, Lattice Press, page l 192. 
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holes are then entirely filled with metal, 
slightly beyond them. Thus, the contac 
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Applicant appreciates th4 willingness of Examiner Pert to discuss at length the 
outstanding rejections of Applicant's cliiims and to discus* basis of patentability of the claims, 
With Examiner Port's input, it was tentatively agreed that, taken as a whole, the combination of 
elements in the claims provide patentatij ,e material. 

Considering, for example, the method for filling contact holes as provided in 
independent claim 1, the method includes, inter alia, forming a plurality of contact holes of 
substantially equal depth, where the contact holes have a tapered upper portion. These contact 

such that the metal fills the contact holes and extends 
holes are each completely filled, yet not over-filled, 
Therefore, with the combination of elements as provided in claim 1, this method, inter alia, 
obviates the need for additional patterni|ng subsequent to filling the contact holes to avoid 
circuit failure between metal wires. 

Other elements of the method provided in claim 1 include forming an upper 
contact hole in a layer over the previously discussed lower contact holes. Alignment of the 
upper and lower contact holes is aided, in part, by the increased width of the upper portion of 
the lower contact holes. The upper contact holes are then filled with metal and contacted with 
an upper wiring layer. 

Similarly, other independent claims provide limitations and/or advantages, that 
when taken as a whole, the combinatioti of elements provide patentable subject matter. For 
example, independent claim 17 provides, inter alia, forming an insulating layer of substantially 
uniform thickness wherein contact hole! is formed with a tapered upper portion and 
subsequently filled entirely by a conductive material. Alternatively, independent claim 23 
provides, inter alia, a first plurality of contact holes with substantially equal depth and tapered 

upper portions. The contact holes are J Lied entirely by a conductive material. 

•i 

To check the validity of iihe tentative agreement that, taken as a whole, the 

'i 

combination of elements in the claims provide patentable material, after the interview 
Examiner Pert performed another search for relevant prior art in addition to that provided in 
the previous office actions. While not sstting forth a complete rejection, Examiner Pert 
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verbally requested that discussion of thl? results of the search, Fisher et al. (U.S . Patent 

4,917,759), be reflected in the record. Applicant appreciates Examiner Pert's efforts in 
identifying additional prior art and in aj|erting Applicant verbally of the prior art to thus avoid 

an additional non-final rejection in the itase. 

1 1 1 

Fisher et al. provides disclosure relative to forming self-aligned vias in multi- 

ii 1 

level integrated circuits. More particularly Fisher et. aL forms multi-level interconnect by 

forming metal layers (1st aluminum [l4] f tungsten [IS], 24d aluminum [20], and 3rd aluminum 

•I 

[26]) covering the surface of the devic^ and then patterning one of the metal layers (20) to 
form a via (21). Fisher et al. at Figs. l-.p. This is in direct contrast to Applicant's invention 
provided in claim 1 where, inter alia, an interconnect is formed by filling a contact hole such 
that the metal layer filling the contact lljale pxtends slightly beyond the contact hole, rather than 

forming a metal layer from which a viajjwill be subsequently patterned. The teachings of 

I 1 

Fisher et al. are starkly contrasted withi^pplicant's invention as provided in claim 1 because, 
as is taught in Fisher et al., Applicant's! invention as provided in claim 1 is not desirable. 

Thus, not only does the jtlisclosure of Fishefj et al. contradict Applicant's claim 
1, Fisher et al. teaches that the process provided by Applicant's claim 1 should not be used. 
More specifically, Fisher et al. teaches piat the method of forming metal layers overlying the 
surface of a device and subsequently et&hing back is necessary as it is not possible to assure 
"alignment of upper and lower metal layers with an aperture formed in a dielectric for a via." 
Id. at col. 1, 11. 53-57. Fisher et al. contjuiues to recount a number of problems associated with 
forming interconnect by methods otherj|than those provided in the detailed description. at 
col. 1, 1. 63 - col. 2, 1. 19. Some of thejinethods disparaged by Fisher et al include forming 

' i 
' - i i 

vias by forming a contact hole in an ululating layer and filling with a metal as provided in 
Applicant's claim 1. M. at col. 1, L 63 jl col. 2, 1. 19. j 

Other methods actively discouraged by Fisher et al. include a method for 
aligning vias by "framing the via". Id, |^t col- 2, 11. 7-19. As discussed, framing the via is done 
by forming an additional wide metal laj|er on either side of the via as illustrated in Figures 1-6. 
Id, at col, 3, 11 47-49. More specifically the frame is provided by metal layer 16 and 13 under 
via 21 and metal layer 26 over via 21. lid. at Figure 6. Thus, provided with the disclosure of 

: art would be actively dissuaded from performing the 



Fisher et al., one of ordinary skill in thi 
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Applicant's claim obvious. 

While moot in light of tfe 
of the outstanding rejections are addres 
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With such explicit teachings away from the invention of 
j?r suggest any combination that would render 



CLAIM REJECTIONS UNDER 35 U.S 



interview with Examiner Pert, for completeness, each 
ed below. 

c. SJ03 ; 



formed above the first contact hole." 5 



Claims 12-28, 30-39, 41143, 45-51, 55-56, 58, 59, 64-70, 72-76, 80, 83 and 84 
have been rejected under 35 U-S.C. § 1 )3(a) as being unpatentable over AAPA in view of 
Gutierrez, U. S. Pat. No. 5,069,749. Applicant respectfully traverses the rejection with respect 
. to independent claim 12. 

Independent claim 12 provides a method of forming a substrate with contact 
holes filled by multi-step deposition of } conductive layers. The method includes, inter alia, 
"forming a first contact hole of substan tially equal depth to other contact holes in the first 
insulating layer by removing a portion i|>f the first insulating layer to expose said junction layer, 
the first contact hole having a tapered ipper portion". Conductive material is formed in the 
via and "overgrown appropriately to -ptvveot misalignment with a second contact hole to be 

. 683,938 at Fig. 2B; col. 3, 11. 40-43. Thus, the first 



contact hole is tapered to ensure alignment between interconnect layers. 

Neither Gutierrez nor this AAPA disclose, teach or suggest the tapered upper 
portions as provided in claim 12, Thus| Applicant agrees that "Gutierrez does not textually 
teach contact holes with 'tapered upper portions', or contatt holes with an 'upper portion width 
greater than a lower portion width 3 as claimed by [Applicant", Office Action of 9/26/01 at 3, 
However, Applicant does not agree that "Gutierrez does clearly depict such contact holes in the 
cover Figure to his patent' 7 in such a way that teaches, suggests or motivates one of ordinary 
skill in the art at the time of Applicant's invention to employ the method as provided in claim 
12. 

Rather, if anything, Figii'e 8 of Gutierrez teaches that the shape of the vias is 
irrelevant as any change in width of the! various vias is simply happenstance, not an intended 
result. For example, vias 218 and 220 have a lower portion width roughly equal to the upper 
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portion width, while via 222 has a 
Thus, rather than teach Applicant's i 
actually teaches away from Applicant's 
the shape of the vias is irrelevant. 

Said another way, Figiw 
Applicant's claim 12 to one of ordinary 
Hence, for at least the aforementioned 
dependent therefrom, are in condition 
20, 23, 27, 30, 31, 32, 34, 36, 39, 64 and 
provided in claim 12. Thus, each of thqse 
condition for allowance. 

Claims 1, 3-6, 8-11,52 
U.S.C. § 103(a) as being unpatentable o|ver 
41 and 64 above and further in view of 
Erb, U.S. Pat No. 4,707,457. ApplicaU 
independent claim 1. 

Independent claim 1 
holes filled by multi-step deposition 
filling a first metal layer into the first 
grown over and extending slightly beyond 

In contrast, Park teaches 
of Park is to avoid the problems 
illustrated in Figure 1 of Park. Park at 
covers the inner wall of the via and the 
2A) and subsequently fills the inner portion 
metal does not extend slightly beyond (Fig 
method as provided in claim 1 by teaching 
first metal layer. As such, Park is not 
Applicant's claim 1 obvious, 



lower portion width greater than an upper portion width, 
invention provided in claim 12, such a disparity of shapes 
invention as provided in claim 12 by suggesting that 



8 pf Gutierrez would not motivate, teach or suggest 
skill in the art at the time of Applicant's invention, 
reasons, independent claim 12, as well as those claims 
allowance. Furthermore, independent claims 15, 17, 
66 each contain somewhat similar limitations to that 
claims, as well as those that depend therefrom, are in 



i pro] 
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, 60-62, 77-79 and 85-87 have been rejected under 35 
AAPA in view of Gutierrez as applied to claims 15, 
ark, U. S. Pat. No. 5,318,923, and further in view of 
respectfully traverses the rejection with respect to 



provides a method of forming a substrate with contact 
of Conductive layers. The method includes, inter alia, 
pljirality of contact holes, the first metal layer being 
said first plurality of contact holes. 

i 

thai this is not possible. More specifically, the purpose 
associated with filling a via using a single metal layer as 
. 1, 11. 29-48. To- avoid this problem, Park first 
Ripper surface of the insulator with a metal layer (Fig. 
of the via with la second metal layer such that the 
.,2B). Thus, Park teaches away from Applicant's 
that it is not desirable to fill the via entirely with a 
perly corabinable with any reference to render 
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Further, Park does not tciach filling the via stoch that the metal extends slightly 

beyond. Indeed, Park teaches that the via is under-filled as illustrated in Figure 2B. Thus, for 

' i 1 

this additional reason, Park does not anticipate Applicant's claim; 1 , 

Erb is similarly flawed. For example, among other inadequacies, Erb fails to 

disclose, teach or suggest filling a first iaetal layer into a via such that it extends slightly 

beyond the via, , , 

Both because the combif atipn of references, is not proper and because the 

on of claim 1, the Combination does not render claim 1 

obvious. Hence, claim 1, as well as thcjse dependent therefrom, are in condition for allowance. 

Furthermore, independent claims 5, 6 atld 10 include, amoiig others, limitations similar to the 

previously described, Accordingly, ind ependent claims 5, 6 and 10, as well as those dependent 

therefrom, are also in condition for allowance. 

Claims 2, 7, 57,63, 82, ahd 88 have been rejected under 35 U.S.C. § 103(a) as 

being unpatentable over AAPA, Guttiersz, Park, and/or Erb as applied to claims 1, 6, 66 and 

88 above, and further in view of Wolf, lilLICON PROCESSING FOR THE VLSI ERA - 

VOLUME II, 1990, Lattice Press, page 192. At least because each of the aforementioned 

claims properly depend from allowable independent claims, they are also in condition for 

allowance, 

In sum, for at least the a&repientioned reasons, claims 1-28, 30-39, 41-43, 45 

for allowance and such is respectfully requested. Of 
note, claims 1, 5, 6, 10, 15, 20, 23, 27, 30, 31, 34, 36, 39 and 41 have been amended to correct 
typographical and/or grammatical error j. The amendment^ do not change the scope of the 
claimed subject matter, 



70, 72-80 and 82-88 are all in condition 



In view of the foregoing. 
Application are in condition for allowajj 
an early date is respectfully requested. 



CONCLUSION 



Applicants believe all claims now pending in this 
ce. The issuance ojf a formal Notice of Allowance at 
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a telephone conference would expedite prosecution of 
undersigned at 303-571-4000. 

ectfu Uv; subm itted. 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



electrode, respectively the first plurality 



layer on exposed portions of the field oxide layer, the 



1 . (Once Amended Here! n) A method for filling contact holes with metal by 
two-step deposition of metal layers, sail I method comprising the steps of: 
providing a silicon subst rate; 

forming a field oxide la]j er qnd a junction layer and gate electrode on said 
silicon substrate; 

forming a first insulating 1 
junction layer, and the gate electrode; | 

forming a first plurality j>f contact holes of substantially equal depth by 
removing portions of the first insulating layer to expose said junction layer and said gate 

of contact holes having a tapered upper portion; 
filling a first metal layer] [into the first plurality of contact holes, entirely, the first 
metal layer being grown over and exteji 
[hoes]; 

forming a conductive lajj 
first metal layer; 

forming a second insulaing layer on exposed portions of the conductive layer 
pattern, the first insulating layer, and thj 5 fitst plurality of contact holes; 

forming a^second pluralii y oif contact holes of substantially equal depth by 
removing portions of said second insul j ting layer to expose both the first metal layer and the 
conductive layer pattern, respectively ^ Ld 

filling a second metal laj er into said second plurality of contact holes to contact 
the first metal layer and the conductive ayer pattern respectively. 



iing slightly beyond said first plurality of contact holes 
er pattern on the first insulating layer spaced from said 



2, (As Filed) A methoc 
subsequently the second metal layer are 



according to claim 1, wherein the first metal layer and 
formed by chemical vapor deposition method. 



DEC. 13.2001 5:42PM 



TOWNSEND&TOUINSEND 



Sang Young Kim et al. 
Application No.: 09/434,736 
Page 31 

3. (Previously Once Am 
the filling a second metal layer fills the; 
equal depth. 



NO. 091 



P. 33 



PATENT 

nded) A method according to claim 1 , wherein 
secpnd plurality of contact holes to a substantially 



4. (As Filed) A method according to claim 1, wherein the first and second 
metal layers are selective tungsten laye s, respectively, and the first and second plurality of 
contact holes are filled with the first anj l second metal layers of the selected tungsten layers, 



respectively. 



5« (Once Amended Here 
two-step deposition of metal layers, saij I 

providing a silicon subs 

forming a field oxide la) 
silicon substrate; 

forming a first 
junction layer, and the gate electrode; 

forming a first, plurality 
removing portions of the first insulating layer 
electrode, respectively the first plurality 

filling a first metal layer 
step, the first metal layer being grown 
contact holes; 

forming a conductive laj[ 
first metal layer; 

forming a second 
pattern, the first insulating layer, and fh| 

forming a second pluralii y 
removing portions of said second insul4ing layi 
conductive layer pattern* respectively 



n) A method for filling contact holes with metal by a 
method comprising the steps of: 
te; i 
er and a junction layer and gate electrode on said 



insulating layer on exposed portions of the field oxide layer, the 



f cpntact holes of substantially equal depth by 

to expose said junction layer and said gate 
of contact holes having a ! tapered upper portion; 
into entire first plurality of contact holes by one single 
0 vqi jand extending slightly beyond said first plurality of 



fer pattern on the fisst insulating layer spaced from said 

layer on exposed portions of the conductive layer 
first plurality of contact holes; 
of contact holes of substantially equal depth by 
er to expose both the first metal layer and the 



i 
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the first metal layer and the conductive 



lajjkr into said second plurality of contact holes to contact 
layer pattern respectively. 
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6. (Once Amended herein) j A method of forming a substrate with contact 
holes, said method comprising: 

providing a substrate; 

forming an oxide layer, ^junction layer and a gate electrode on said substrate; 
forming a first insulatin| layer on exposed portions of the oxide layer, the 
junction layer, and the gate electrode; 

' bf contact holes of substantially equal depth by 
removing portions of the first insulatin layer to expose said junction layer and said gate 
electrode, respectively, the first plurali y of contact holes having a tapered upper portion; 

forming a first conduct! , r e njiaterial layer into the first plurality of contact holes, 
entirely, the first conductive material l^yer being grown o^er and extending slightly beyond 
said first plurality of contact holes; 

forming a conductive la^er pattern on the first insulating layer spaced from said 
first conductive material layer; 

forming a second insula! ing layer on exposed portions of the conductive layer 
pattern, the first insulating layer, and tl e first plurality of contact holes; 

of contact holes of substantially equal depth by 



aljty 



forming 3 second plura 

removing portions of said second insuljiting layer to expose both the first conductive material 
layer and the conductive layer pattern, respectively; and 

forming a second condtptive material layer into said second plurality of contact 
holes to contact the first conductive material layer and the^conductive layer pattern, 



respectively. 



7, (Previously Once AnJ|ended) 
the first conductive material layer and 
formed by a chemical vapor depositiorf 



A method according to claim 6, wherein 
Subsequently the second conductive material layer are 
process. 
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8. (Previously Once Am 
the forming a second conductive material 
substantially equal depth. 



9. (Previously Once An^nded) 
the first and second conductive material 
respectively, and the first and second p 
second tungsten layers, respectively. 



NO. 091 



P. 35 



PATENT 



mded) A method according to claim 6, wherein 
layer fills the second plurality of contact holes to a 



A method according to claim 6, wherein 
layers comprise first and second tungsten layers, 
□rality of contact holes are filled with the first and 



10. (Once Amended He|^in) A method of forming a substrate with contact 
holes, said method comprising: 

providing a substrate; 

forming an oxide layer, 1 junction layer and a gate electrode on said substrate; 

forming a first insulatinl; layer on exposed portions of the oxide layer, the 
junction layer, and the gate electrode; 

forming a first plurality |>f contact holes of substantially equal depth by 
removing portions of the first insulatinj!; layer to expose said junction layer and said gate 
electrode, respectively, the first plurality of contact holes having a tapered upper portion; 

forming a first conductr ; e material layer into entire first plurality of contact 
holes in a continuous step, the first con luctive material layer being grown over and extending 
slightly beyond said first plurality of contact holes; 

forming a conductive laj,>er pattern on the first insulating layer spaced from said 
first conductive material layer; 

forming a second insula ing layer on exposed portions of the conductive layer 
pattern, the first insulating layer, and tt 3 first plurality of contact holes; 

forming a second plurality of contact holes of substantially equal depth by 
removing portions of said second insul Lting layer to expose both the first conductive material 
layer and the conductive layer pattern, f espectively; and 
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conductive material layer into said second plurality of contact 
crial layer and the conductive layer pattern, 



11. (As Filed) Ametho^ 
said first and said second conductive 
plurality of contact holes, respectively. 



according to clainl 10, wherein said steps of forming 
notorial layers comprise filling said first and said second 



ht>le 



12. (Previously Twice 
contact holes filled by multi-step depo: 
providing a substrate; 
forming an oxide layer akd 
forming a first insulating 

junction layer; 

forming a first contact 
the first insulating layer by removing a 
junction layer, the first contact hole ha^ 

forming a first conducti 

forming a conductive lai 
first conductive material layer; 

forming a second insulating 
pattern, the first insulating layer, and tlo(lp 

forming a second contact 
layer to expose the first conductive material 

forming a second conductive 
contact the first conductive material lajfer. 



A : mended) A method of forming a substrate with 
sftion of conductive layers, said method comprising: 



of substantially equal depth to other contact holes in 
portion of the first insulating layer to expose said 
g a tapered upper portion; 

e material layer into the first contact hole, entirely; 

i 

er pattern on the first insulating layer spaced from said 



ivin] 
hei 



13. (As Filed) A mfcthocj 
forming a third contact 
to expose the conductive layer pattern; |nd 



a junction layer on said substrate; 

i 

layer on exposed portions of the oxide layer and the 



layer on exposed portions of the conductive layer 
first contact hole; 

hole by removing portions of said second insulating 
layer; and 

material layer into said second contact hole to 



as in claim 12, further comprising: 

by removing portions of the second insulating layer 



I.dIc 



i 
i 
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forming the second conductive material layer into the third contact hole to 
contact the conductive layer pattern. 

14. (As Filed) A methoc . as in claim 12, wherein said first and said second 
conductive material layers comprise a metal 



Amended Herein) 



15. (Twice 
contact holes filled hy multi-step 

providing a silicon substrate; 
forming an oxide layer qnd 
forming a first insulating layi 

gate electrode; 

forming a first plurality 
removing portions of the first insulating layer 
of contact holes having a tapered upper portion: 

filling a first conductive 

entirely; 

forming a conductive la^i 
first conductive material layer; 

forming a second insulating 
pattern, the first insulating layer, and th 

forming a second plurality 
removing portions of said second insul; 
layer and the conductive layer pattern; 

filling a second conductive 
holes to contact the first conductive ma 



A method of forming a semiconductor with 
deposition of conductive layers, said method comprising: 



16. (As Filed) A methoc 
conductive material layers comprise fir?t 
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a gate electrode on said substrate; 
er on exposed portions of the oxide layer and the 

I 

)f contact holes of substantially equal depth by 

to expose said gate electrode, the first plurality 

material layer into ihe first plurality of contact holes, 

er pattern on the first insulating layer spaced from said 



layer on exposed portions of the conductive layer 
s first plurality of contact holes; 

of contact holes of substantially equal depth by 
.ting layer to expose both the first conductive material 
iind ; 

material layer into said second plurality of contact 
;erial layer and the conductive layer pattern. 



as in claim 1 5, wherein said first and second 
and second metal layers, 
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and 



h>le 



pattern, 



17. (Previously Once 
with contact holes filled by multi-step 
comprising; 

providing a substrate; 
forming an oxide layer 
forming a first insulating 

first conductive layer pattern, wherein i 

uniform; 

forming a first contact 
expose said first conductive layer 

forming a first conducts 
first contact hole entirely; 

forming a second 
from said first conductive material lay< 

forming a second insulating 
layer pattern, the first insulating layer, 

forming second and thin . 
portions of said second insulating layer 
the second conductive layer pattern, 

forming a second 
holes to contact the first conductive 
respectively. 



A method of forming a semiconductor 
deposition of conductive material layers, said method 



conductive layer pattern oh the first insulating layer spaced 



ft:: 



18. (As Filed) Amethoc 
pattern comprises a gate electrode. 

19. (As Filed) A method 
conductive material layers comprise fit gt 
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a first conductive layer pattern on said substrate; 
layer on exposed portions of the oxide layer and the 
thickness of the fiifst insulating layer is substantially 



by removing a portion of the first insulating layer to 
the first contact hole having a tapered upper portion; 
e material layer into the first contact hole, filling said 



layer on exposed portions of the second conductive 
4nd the first conductive material layer; 
cojatact holes of substantially equal depth by removing 
to expose both the first conductive material layer and 
respectively; and 
conductive material layer into said second and third contact 

I : 

majeri^l layer and the second conductive layer pattern, 



as in claim 17, wherein said first conductive layer 



as in claim 17, wherein said first and second 
and second metal layers. 



i 
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20. (Once Amended He 
contact holes filled by multi-step 

providing a substrate; 
forming an oxide layer, 

said substrate; 

fonning a first insulating 
junction layer, and the first conductive 

forming a first plurality 
removing portions of the first insulating 
conductive layer pattern, respectively, 
portion; 

filling a first 

entirely; 

fonning a second 
from said first conductive material lay 

fonning a second insulating 
layer pattern, the first insulating layer, 

fonning a second plurality 
removing portions of said second insula! 
layer and the second conductive layer 

filling a second conductive 
holes to contact the first conductive ma 
respectively. 



rein) A method of fonniiig a semiconductor with 
depos ition of conductive layers, said method comprising: 
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a junction layer and a first conductive layer pattern on 

layer on exposed portions of the oxide layer, the 
lay^r pattern; 

of dontact holes of substantially equal depth by 
laVer to expose said junction layer and said first 
he first plurality of contact holes having a tapered upper 

conductive material layer into the first plurality of contact holes, 

condu :tive layer pattern On the first insulating layer spaced 

X ! 

ing layer on exposed portions of the second conductive 
j md the first plurality of contact holes; 

of contact holes of substantially equal depth by 

i 

itinjjs layer to expose both the first conductive material 
jjattefri, respectively; and 

material layer into said second plurality of contact 
eriil layer and the second conductive layer pattern,, 



2 1 . (As Filed) A methoc as in claim 20, wherein said first and second 

i 

conductive material layers comprise first and second metal layers. 



22. (As Filed) A methoc as in claim 20, wherein said first conductive layer 
pattern comprises a gate electrode, 
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23. (Once Amended Herein) A method of forming a semiconductor with 
contact holes filled by multi-step deposition of conductive layers, said method comprising: 
providing a substrate; 

forming an oxide layer, and first and second regions on said substrate; 

forming a first insulating layer on exposed portions of the oxide layer and said 
first and said second regions; 

forming a first plurality OS contact holes of substantially equal depth by 
removing portions of the first insulating layer to expose said first and second regions, the first 
plurality of contact holes having a tapered Upper portion; 1 

forming a first conductive material layer into, and filling entirely, the first 
plurality of contact holes; 

i 

forming a conductive layer pattern on the first insulating layer spaced from said 
first conductive material layer, 

forming a second insulatingtlayer on exposed portions of the conductive layer 
pattern, the first insulating layer, and thp first conductive ipaterial layer; 

forming a second plurality of contact holes of substantially equal depth by 
removing portions of said second insulating layer to expose both the first conductive material 
layer and the conductive layer pattern; and 

forming a second conductive material layer ;into said second plurality of contact 
holes to contact the first conductive material layer and the (conductive layer pattern. 



24. (As Filed) A method as in claim 23, wherein said first region comprises a 



junction layer. 



25. (As Filed) A method as in claim 23, wherein said second region comprises a 



gate electrode. 



26. (As Filed) A method as in claim 23, wherein said first and second 
conductive material layers comprise first and second metal layers, 
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27. (Twice Amended Herein) A method of fonuilg a semiconductor with 

i 

contact holes filled by multi-step deposition of conductive layers, said method comprising: 
providing a substrate; j 

forming an oxide layer, a junction layer and a gate electrode on said substrate; 

forming a first insulating layer on exposed portions of the oxide layer, the 
junction layer, and the gate electrode; ' 

forming a first plurality of contact holes of substantially equal depth by 
removing portions of the first insulating layer to expose said junction layer and said gate 
electrode, respectively, wherein said first plurality of contact holes have an upper portion width 

i i 

and a lower portion width, said upper portion width grcatei- than said lower portion width; 

forming a first conductive material layer into the first plurality of contact holes, 

entirely; 

forming a conductive layer pattern on the first insulating layer spaced from said 
first conductive material layer; 

forming a second insulating layer on exposed portions of the conductive layer 
pattern, the first insulating layer, and the first plurality of contact holes; 

forming a second plurality of contact holes of substantially equal depth by 
removing portions of said second insulating layer to expose both the first conductive material 
layer and the conductive layer pattern; and : ( 

forming a second conductive material layer Wo said second plurality of contact 
holes to contact the first conductive material layer and the conductive layer pattern, 

28. (As Filed) A method "as in claim 27, wherein said first and second 
conductive material layers comprise first and second metal- layers. 

30, (Once Amended Herein) A method of forming a semiconductor with 

i 

contact holes filled by multi-step deposition of metal layers, said method comprising; 
providing a substrate; 

forming an oxide layer add a junction layer on said substrate; 
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forming a first insulating jlayer on exposed portions of the oxide layer and the 

i, 

junction layer; I. 

forming a first plurality o!f contact holes of substantially equal depth by 
removing portions of the first insulating jlayer to expose said junction layer, the first plurality of 
contact holes having a tapered upper portion; 

forming a first metal layer into the first plurality of contact holes,, entirely; 

fonning a conductive layjsr pattern on the first insulating layer spaced from said 

first metal layer; ! ! 

forming a second insulating layer on exposed portions of the conductive layer 
pattern, the first insulating layer, and the first plurality of contact holes; 

fonning a second pluralily of contact holes of substantially equal depth by 

removing portions of said second insulating layer to expos* both the first metal layer and the 

conductive layer pattern, respectively; apd 

i 1 
forming a second metal layer into said second plurality of contact holes to 

contact the first metal layer and the conductive layer pattern, respectively. 

3 1 . (Once Amended Herein) A method of forming a semiconductor with 
contact holes filled by multi-step deposition of metal layers, said method comprising: 
providing a substrate; < 
forming an oxide layer a[id a gate electrode on said substrate; 
forming a first insulating layer on exposed portions of the oxide layer and the 

gate electrode; 

fonning a first plurality of contact holes of substantially equal depth by 
removing portions of the first insulating layer to expose said gate electrode, the first plurality 
of contact holes having a tapered upperlportion; 

filling a first metal layer into the first plurality of contact holes, entirely; 

forming a conductive layer pattern on the first insulating layer spaced from said 
first metal layer, 

forming a second insulating layer on exposed portions of the conductive layer 
pattern, the first insulating layer, and th|e first plurality of contact holes; 

i 1 

I' 
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forming a second plurality of contact holes of substantially equal depth by 
removing portions of said second insulating! layer to expose both the first metal layer and the 
conductive layer pattern, respectively; aid j 

filling a second metal layer ijito said second plurality of contact holes to contact 

the first metal layer and the conductive ayer pattern, respedtively. 



r 



32. (Previously Once Amended) A method of forming a semiconductor 
with contact holes filled by multi-step d eposition of metal layers, said method comprising: 
providing a substrate; ' t 

forming an oxide layer aid a first conductive layer pattern on said substrate; 

forming a first insulatingl layer on exposed portions of the oxide layer and the 
first conductive layer pattern, wherein a thifckness of the first insulating layer is substantially 
uniform; 

forming a first contact h<j»le by removing a portion of the first insulating layer to 
expose said first conductive layer patterju, the first contact hole having a tapered upper portion; 
forming a first metal layjsr into the first plurality of contact hole, entirely; 
forming a second conductive layer pattern on the first insulating layer spaced 

from said first metal layer; 

forming a second insulating 1 layer on exposed portions of the second conductive 

layer pattern, the first insulating layer, and the first contact hole; 

forming second and think contact holes of substantially equal depth by removing 

to expose the first metal layer and the second 



portions of said second insulating layer 
conductive layer pattern, respectively; and 



forming a second metal 



,ay^r into said second and third contact holes to contact 



the first metal layer and the second conductive layer patteijn, respectively. 

i i 

33. (As Filed) A method as in claim 32, wherein said first conductive layer 
pattern comprises a gate electrode. 



I ' 



I 

, i 
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34. (Once Amended Herein) A method of forming a semiconductor with 
contact holes filled by multi-step deposition of metal layers, said method comprising: 
providing a substrate; | , 

forming an oxide layer aid aj junction layer and first conductive layer pattern on 

said substrate; ! .' 

forming a first insulating layer on exposed portions of the oxide layer, the 

junction layer, and the first conductive l£yer pattern; ,! 

forming a first plurality ojf contact holes of substantially equal depth by 
removing portions of the first insulating layer to expose said junction layer and said first 
conductive layer pattern, respectively, the first plurality of contact holes having a tapered upper 

portion; '•■ 

fonning a first metal layer into the first plurality of contact holes, entirely; 
forming a second conductive layer pattern on the first insulating layer spaced 

from said first metal layer; 

forming a second insulatpg layer on exposed portions of the second conductive 
layer pattern, the first insulating layer, and Jhe first plurality of contact holes; 

forming a second pluraliiy ojf contact holes of substantially equal depth by 
removing portions of said second insulating layer to expostb both the first metal layer and the 
second conductive layer pattern, respectively; and 



forming a second metal 



ayer into said second plurality of contact holes to 



contact the first metal layer and the second conductive layer pattern, respectively. 



35. (As Filed) Amethoc 
partem comprises a gate electrode. 



as in claim 34, wherein said first conductive layer 



36. (Once Amended Herein) A method of forming a semiconductor with 
contact holes filled by multi-step deposition of metal layers, said method comprising: 
providing a substrate; 

forming an oxide layer, and first and second regions on said substrate; 
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forming a first insulating layer on exposed portions of the oxide layer, the first 

region and the second region; 

forming a first plurality of contact holes of substantially equal depth by 
removing portions of the first insulating layer to expose said first and said second region, 
respectively, the first plurality of contact holes having a tapered upper portion; 

forming a first metal layer; into the first plurality of contact holes, to fill said 

first plurality of contact holes entirely; - 

forming a conductive layi pattern on the first insulating layer spaced from said 

first metal layer; 

fonning a second insulating layer on exposed portions of the conductive layer 
pattern, the first insulating layer, and the, first plurality of contact holes; 

fonning a second plurality of contact holes of substantially equal depth by 
removing portions of said second insulating; layer to expose both the first metal layer and the 
conductive layer pattern, respectively; arid : 

forming a second metal layer into said second plurality of contact holes to 
contact the first metal layer and the conductive layer pattern, respectively. 



37. (As Filed) A method|.as in claim 36, wherein said first region comprises i 



junction layer. 



38. (As Filed) A method as jn claim 36, wherein said second region comprises a 

gate electrode. 

i; 

39, (Twice Amended Herein) A method of forming a semiconductor with 
contact holes filled by multi-step deposition of metal layers, said method comprising: 

providing a substrate; j 

forming an oxide layer, a junction layer and a gate electrode on said substrate; 
forming a first insulating layer on exposed portions of the oxide layer, the 
junction layer, and the gate electrode; 



DEC. 13.2001 5 : 46PM TOWNSEND&TOWNSEND ( 

Sang Young Kim eU^ 
AppUcationNo.: 09/434,736 
Page 44 



NO. 091 



P. 46 



PATENT 



forming a first plurality ojj contact holes of substantially equal depth by 
removing portions of the first insulating Jayer to expose said junction layer and said gate 
electrode, respectively, wherein said firsj'plurality of contact holes have a tapered upper 
portion; 

forming a first metal layer into ^ first plurality of contact holes, to fill said 
first plurality of contact holes entirely; j ' 

forming a conductive layfe pattern on the first insulating layer spaced from said 

first metal layer; - 1 

forming a second insulating layer on exposed portions of the conductive layer 

pattern, the first insulating layer, and the first plurality of contact holes; 

forming a second plurality of contact holes of substantially equal depth by 
removing portions of said second insulating layer to expose both the first metal layer and the 
conductive layer pattern, respectively; Jid , 

forming a second metal liyer into said second plurality of contact holes to 
contact the first metal layer and the contractive layer pattern, respectively. 

i 

41 . (Previously Twice Amended) A method of forming a semiconductor 
with contact holes filled by multi-step deposition of conductive material layers, said method 
comprising: j. 

providing a substrate; ji 

forming an oxide layer and a first conductive layer pattern on said substrate; 
forming a first insulating layer on exposed portions of the oxide layer and the 
first conductive layer pattern, wherein aj thickness of the first insulating layer is substantially 

uniform: !■ 

|. 

forming a first contact hple by removing portions of the first insulating layer to 
expose said first conductive layer patter^, wherein said first contact hole has an upper portion 
width and a lower portion width, said upper portion width greater 1 than said lower portion 
width; 

forming a first conductive material layer into the first contact hole, entirely; 
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forming a second 
from said first metal layer; 

forming a second insulating 
layer pattern, the first insulating layer, 

forming second and third 
portions of said second insulating layer 
the second conductive layer pattern, rei 

forming a second conductive 
contact holes to contact the first conductive 
pattern, respectively. 



conductive layer pattern on the first insulating layer spaced 



l^yer on exposed portions of the second conductive 
the first contact hole; 
contact holes of substantially equal depth by removing 
expose both the first conductive material layer and 
isplectively; and 

material layer into said second and said third 

i 

material layer and the second conductive layer 



and 



t3l 



42. (As Filed) The: 
layer comprises a metal. 



45. (As Filed) The] 
pattern comprises a gate electrode. 



46. (As Filed) The 
pattern comprises a gate electrode ovi 



47. (Previously Once An^entjled) 
forming an oxide layer and a first 
junction layer. 
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methc d of claim 41, wherein said first conductive material 



43. (As Filed) The method of claim 42, wherein said metal comprises tungsten. 



method elf claim 41, wherein said first conductive layer 



method of claim 41, wherein said first conductive layer 
a gate oxide. 



eriying j 



The method of claim 41, wherein said 
conductive layer pattern further comprises forming a 



48. (As Filed) The method of claim 41, wherein said junction layer comprises a 



N+ junction. 
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49. (As Filed) The metho'd of claim 41, wherein said junction layer comprises a 



P+ junction. 



50. (As Filed) The method of claim 41, wherein said first conductive layer 

! 1 

pattern comprises polysilicon. ^ i 

5 1 . (As Filed) The method of claim 41 , wherein said first insulating layer 
comprises a first oxide layer. 

52. (As Filed) The method of claim 41 , wherein said step of forming said first 

i 

contact hole comprises a photoresist projeess. 

i ; 
i 

53. (As Filed) The method qf claim 41, wherein said step of forming said first 

contact hole comprises a wet etch process. ; 

i ■ 

i I 

54. (As Filed) The method of claim 41, wherein said step of forming said first 
contact hole comprises a dry etch process. 

i ' 

55. (As Filed) The method of claim 47, wherein said step of forming said first 

contact hole further exposes said junction layer. 

i ; 

56. (As Filed) The methpd Of claim 41, wherein said first contact hole has a 

i 

tapered upper portion. 

i 

57. (As Filed) The methjod Of claim 41, wherein said step of forming said first 

conductive material layer comprises a <^VP process, 

f i 

I: ; 

58. (As Filed) The meth|od of claim 41, wherein said second conductive layer 
pattern comprises polysilicon, 
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59. (As Filed) The mi 
comprises a second oxide layer. 



.ethj 
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d of claim 41, wherein said second insulating layer 



60. (As Filed) The 
second and said third contact holes com] 



methojd of claim 41, wherein said step of forming said 
irises a photoresist process. 



61. (As Filed) The method of claim 41, wherein said step of forming said 
second and said third contact holes comprises a wet etch process. 

62. (As Filed) The methcjd of claim 41, wherein said step of forming said 
second and said third contact holes comprises a dry etch process. 

63. (As Filed) The method of claim 41, wherein said step of forming said 
second conductive material layer comprises a CVD process. 



64. (As Filed) A semiconductor device comprising: 

a semiconductor substratt? having an oxide layer, a junction layer and a gate 

electrode; 1 

a first insulating layer oV; flying portions of said oxide layer, said junction layer 
and said gate electrode, said first insulating. layer having a first plurality of contact holes of 
substantially equal depth over said junction layer and said gate electrode, said first plurality of 
contact holes having a tapered upper poj tion; 

a first metal layer filling paid first plurality of contact holes so that said first 
metal layer is in contact with said junction layer and said gate electrode; 

a conductive layer patterji on said first insulating layer spaced apart from said 

first metal layer; | 

a second insulating layer overlying portions of said conductive layer pattern, 

.i ' 

said first insulating layer and said first plurality of contact holes, said second insulating layer 
having a second plurality of contact holes of substantially 6qual depth over said first metal 
layer and said conductive layer pattern; jand 
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a second metal layer fiUitj 
metal layer in contact with said first metgl 
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g said second plurality of contact holes, said second 
layer and said conductive layer pattern. 



65. (As Filed) A semiconductor device comprising: 

a semiconductor substrate 1 having an oxide layer, a junction layer and a gate 



electrode; 



a first insulating layer overlying portions of said oxide layer, said junction layer 
and said gate electrode, said first insulating layer having a ftrst plurality of contact holes of 
substantially equal depth over said junc^ on layer and said gate electrode, said first plurality of 
contact holes having a tapered upper pottion; 

a first conductive material layer filling said first plurality of contact holes so 
that said first conductive material layer j|s in contact with said junction layer and said gate 
electrode; 

a conductive layer pattetti on said first insulating layer spaced apart from said 
first conductive material layer; 

a second insulating layei]|overlying portions of said conductive layer pattern, 
said first insulating layer and said first plurality of contact holes, said second insulating layer 
having a second plurality of contact hoks of substantially equal depth over said first 
conductive material layer and said conductive layer pattern; and 

a second conductive material layer filling said second plurality of contact holes, 



said second conductive material layer iij 
said conductive layer pattern. 



66. (Previously Once 
a semiconductor substrata 

pattern; 

a first insulating layer o 
conductive layer pattern, said first insuliting 
substantially equal depth over said first iponductive 
contact holes have a tapered upper portibn; 



contact with said first conductive material layer and 



Amended) A semiconductor device comprising; 
having an oxide layer and a first conductive layer 



►vfcrlying portions of said oxide layer and said first 

layer having a first plurality of contact holes of 
layer pattern, wherein said first plurality of 
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a first conductive materia [ layer filling said first plurality of contact holes so 
that said first conductive material layer is in contact with said first conductive layer pattern; 

a second conductive layei pattern on said first insulating layer spaced apart from 

said first conductive material layer; 

a second insulating layer; overlying portions of said second conductive layer 
pattern, said first insulating layer and said first plurality of contact holes, said second insulating 
layer having a second plurality of contac t holes of substantially equal depth over said first 
conductive material layer and said secoid conductive layerpattem; and 

a second conductive material layer filling said second plurality of contact holes, 
said second conductive material layer in] contact with said first conductive material layer and 
said second conductive layer pattern, 



67. (As Filed) The devicjj 
comprise a metal. 



68. (As Filed) The devic^ of claim 67, wherein said metal comprises tungsten. 

l' 

of claim 66, wherein said first conductive layer 



69. (As Filed) The devicp 
pattern comprises a gate electrode. 



70. (As Filed) The devip 
pattern comprises a gate electrode o 



oil claim 66, wherein said conductive material layers 



b of claim 66, wherein said first conductive layer 
verlVing a gate oxide. 1 



e of claim 66, further comprising a junction layer on 



72, (As Filed) Thedeviq 

said substrate, 

73. (As Filed) The deviJe of claim 72, wherein said junction layer comprises a 
N+ junction layer. 



i 
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74. (As Filed) The devicf of claim 72, wherein said junction layer comprises a 
P+ junction layer. 

75. (As Filed) The devicj of claim 66, wherein said first conductive layer 
pattern comprises polysilicon. 

76. (As Filed) The devicjp of claim 66, whe^pm said first insulating layer 
comprises a first oxide layer. 



77. (As Filed) The devicfe of claim 66, wherein said first plurality of contact 

holes are formed by a photoresist process. 

i 

78. (As Filed) The devicjb of claim 66, whertein said first plurality of contact 
holes are formed by a wet etch process. 

i ■ 

79. (As Filed) The devics of claim 66, wherein said first plurality of contact 
holes are formed by a dry etch process, ' 

80. (As Filed) The devicjs of claim 72, wherein said first plurality of contact 
holes expose said junction layer. 

82. (Previously Once Amended) The device of claim 66, wherein said first 



plurality of contact holes are filled by a 



CVD process. 



83, (As Filed) The device of claim 66, wherein said second conductive layer 
pattern comprises polysilicon. 

84. (As Filed) The deviqte of claim 66, wherein said second insulating layer 
comprises a second oxide layer, 



88. (Previously Once Amended) 
second plurality of contact holes are filled 
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85. (As Filed) Thedevicl 
holes are formed by a photoresist process 

86. (As Filed) The devic 
holes are formed by a wet etch process, 

87. (As Filed) The devic£ 
holes are formed by a dry etch process, 
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of claim 66, wherein said second plurality of contact 



of claim 66, wherein said second plurality of contact 



of claim 66, wherein said second plurality of contact 



The device of claim 66, wherein said 
by a CVD process, 



i 
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